ABSTRACT
INTRODUCTION

21
operations. Table 1 were prepared for various tests and wood working tests were carried out as 85 per methods given in IS 8292 (BIS 1992 A schematic diagram of the samples cut for various tests is given in Fig. 1 .
94
Figure1: Plan for preparing samples from one plank.
96
The following were the machines used and their procedure for performing the six wood working Every specimen was passed two times through this machine, once along the grain and then the 106 other face opposite to it. Immediately after each pass, the specimen was visually examined for 107 planing defects. This was carried out with all the four sets of blades. A depth of cut of 1 mm was 108 maintained for each pass so that in effect there was a total depth of cut of 2 mm after two passes.
109
Power requirement in each planing operation was also recorded with the help of a wattmeter.
110
Average value of power required per cm width of cut of the specimen was worked out and values
111
were noted.
113
Sanding: Three drum endless belt sander (make Smith) with drum motors of 15 hp each at 1725 114 rpm was used in which drums carried sand papers of grit sizes 60, 80 and 100 progressively. The 115 same specimens used in planing were used for studying the sanding behavior. Each specimen was 116 passed through the three drum sander at a feed rate of 3.6 mm/min with a depth of 1mm on each 117 side. The cutting speed was 22.9 m/sec. The defect values were compiled for each operation. The total defect values were then calculated 156 for each sample (or surface) as the case may be. These were then grouped into five Grades of 1 to 157 5 according to the scheme shown in Table 3 . 
Rating factor 169
After calculating the percentage of number of samples/surfaces falling in each grade, the next step was to 170 arrive at the rating factors (R i ) for each operation which are calculated as given in Table 4 . Once rating factors have been estimated, the Adjustment factor (A i ) needs to be calculated which 176 is based on the magnitude of the best planing values for teak species. These values can either be 177 generated in the laboratory or taken from literature. In the present study, the values for teak were 178 taken from the literature (Pant et al. 2002) . For this, the percentage value of a particular operation 179 for teak is divided by the percentage value of teak for its planing operation. For instance, the 180 adjustment factor for planing of teak would be 1.
181
Various operations are given due weightages (W i ) as per the importance of the operation in 182 working with wood (BIS, 1992) . The weightage for sanding is the highest (5) because this 183 operation is required in almost every type of wood products. This is followed by planing (4),
184
Shaping (2), Boring (1), Mortising (1) and Turning (2). It is to mention that the ASTM standard 185 though did not specify weightages to individual operations, it was stressed that the depth of a 186 defect is more important than its area covered (ASTM D 1666 (ASTM D , 1987 .
188
In the next step, the weighted averages for teak and the species under investigation would be 189 calculated as:
Where Ri is the rating factor for each operation, Ai is the adjustment factor and Wi is the The next step is to calculate the Ease factor (EF) which is an indication of ease of working of the 202 species under study relative to teak in wood working tests (BIS, 1992) . It is evaluated by measuring power requirements per cm width of the species studied to achieve a cutting depth of Here also the value for teak can be tested in the laboratory or taken from literature. In the present 
Results and Discussion
Since planing was done on the fifteen samples using four different cutting angles, the rating 236 factors for this operation are given separately. These are given in Table 5 . A close observation of different defects that occurred in the species indicated that raised and torn 242 grains were most common followed by chipped grain. In some specimens, roughness was also From grading data reported in Tables 5 and 6 , Rating factors for each operations were calculated 273 for the species under study and are presented in Table 7 along with those reported for T. grandis pine was reported to decrease significantly with planing length and the resulting knife wear.
287
Careful sanding has been reported to remove defects caused during planing in the case of
288
Eucalyptus hybrid (Jaitely et al. 1983 ).
290
In shaping, the most common defects found were raised and torn grains. The defect that was 291 most prevalent in five species of Eucalyptus was torn grain in shaping trials (Belleville et al. Scratching (caused by uneven grits) and snake (spiral) marks were not observed in any specimen 296 after sanding. However, fuzziness or woolly surface and torn grain were noticed on the specimen.
297
Sanding is already reported to cause more fuzziness than planing since the grits on the sand 298 papers tear up parts of fibers, whereas the planer blade usually cuts through the fibres resulting in The most common defects that were observed during turning were raised grain, torn and chipped 309 grain with charring effects. With a rating factor of just 13 (against 84 for teak) M. dubia does not 310 look to be good for turning purpose and therefore cannot be recommended for the small scale or 311 handicraft units making round toys.
313
Raised, torn, chipped and fuzzy grains were the common defects observed during boring. (Table 7) indicates that M. dubia is not at all suitable for the boring 319 operation. This can be attributed to the relatively low density of this species as reported by 
326
The common defects that were noticed during mortising were raised, torn, chipped and fuzzy 327 grains. Sometimes the wood is completely chipped out. This is a very serious defect as such 328 defects make the product weak from the point of view of a joint. Occurrence of torn grain is 329 usually caused by dull cutting edges and/or irregular grain direction that tend to extend into the 330 wood (USDA 1955). On the whole, M. dubia does not seem to be a good species for the making 331 mortise joints.
333
The next step is to calculate the weighted averages as described in the methodology. For 334 calculation of this, the adjustment factors for T. grandis and weights assigned to each operation 335 needs to be taken into account. Adjustment factors are calculated from Table 7 by dividing the rating factor of planing by the rating factors of each operation for teak. For instance, the rating 337 factor for turning is 84 and that for planing is 20. Hence the adjustment factor of turning would 338 be 20/84. in turn benefits the end user in rejecting this species in certain specific uses like turnery products.
394
The composite rating factor and WQI (Working Quality Index) thus present the gross behavior of 395 species in wood machining operations, a property useful in promoting a species for broader end 396 use and substitution of traditional woods by alternate species. 
CONCLUSIONS
399
The study indicates that ease of working of Melia dubia is comparable to teak which means that 400 the power requirement is nearly same for the species as that of teak. 
